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Titration of CYP1A6-pGL3 Reporter
Figure 6. Titration of the CYP1A6-pGL3 reporter, measuring AhR-mediated induction upon 
treatment with TCDD (50 nM). COS-7 cells were transfected with an AhR expression construct 
and Xl CYP1A-pGL3 (20, 40, 60 ng), then treated with 50 nM TCDD.) (error bars= SE Mean, 
n=3).
• CYP1A6-pGL3 shows a measurable TCDD-induction mediated by both AHR1
and AHR1
• While AHR1 has higher values for activity,this is likely an expression artifact, as
reporter induction profiles for AHR1 and AHR1 are highly similar, suggesting a 
redundancy of function for X. laevis AHR paralogs.
Activation of target genes by AHR1 and AHR1
Luciferase Expression Vector
Promega, pGL3 Luciferase Reporter Vectors Technical Manual
Figure 3. Map of pGL3-Basic                                                                                                    
luciferase expression vector
Aryl Hydrocarbon Receptor Signaling Pathway
Figure 1. Aryl Hydrocarbon Receptor Signaling Pathway
Determining Functional Differences Between Aryl Hydrocarbon Receptor Paralogs in Xenopus laevis
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Question Building Reporter Gene Constructs Transactivation Assays
Do AHR1 and AHR1 display functional differences in their target promoter 
contexts?
Abstract
Halogenated aromatic hydrocarbons (HAHs) are environmental contaminants that 
cause developmental toxicity in most vertebrates. The most potent HAH compound 
is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and its toxic effects have been well 
documented in a variety of vertebrate species (Mandal 2005). The toxicity of dioxin-
like compounds is mediated through the aryl hydrocarbon receptor (AHR) signaling 
pathway. The frog Xenopus laevis possesses two copies of the AHR gene, AHR1
and AHR1. However, the exact functional differences between the two AHR1 
paralogs in frogs are not well understood.The overall goal of my research is to test 
the hypothesis that AHR1 and AHR1 exhibit differences in their activity or 
expression. Reporter gene assays were performed to determine if the two forms of 
AHR exhibit preferences in activation of target gene promoters, including X. laevis
AHR1, CYP1A6, CYP1A7, AHR repressor, and mouse CYP1A1. X. laevis upstream 
promoter sequences were cloned using a genome-walking approach, and analyzed 
to compare number and position of dioxin response elements (DREs). In general, 
these promoter constructs demonstrate a low activity, consistent with low inducibility 
in the organism. AHR1 and AHR1 exhibit similar activation of target genes, 
suggesting a redundancy of function for the Xenopus AHR paralogs. 
Background
Cloning 5’ upstream sequences: Genome Walking
BD Biosciences Clontech, BD Gemone Walker Kits User Manual
Figure 2. Flow chart of Genome Walker technique for cloning 5’ upstream sequences (BD 
Biosciences Clontech)
•AHR acts as a ligand-activated 
transcription factor to regulate 
the transcription of target genes 
(Hahn 1998)
• The AHR/ARNT dimer binds to 
dioxin response elements 
(DREs) in the promoter 
sequence
•TCDD-induced expression of the 
target gene CYP1A is often 
measured as a marker of AHR 
activity.
•Xenopus laevis has two copies 
of the AHR protein, AHR1 and 
AHR1, but information about 
functional differences is not 
known (Lavine 2005). 
Significance of multiple AHRs
• Many vertebrate species, including fish, frogs, and birds, have at least two AHR 
paralogs, while mammals have just one
• Two distinct AHR2 genes in rainbow trout differ in their tissue distribution, regulation 
of expression, and transcriptional activity (Abnet 1999). 
• In rainbow trout, differences in enhancer preference suggests that the two forms of 
AHR may regulate distinct sets of genes. 
• This leads to the hypothesis that AHR1 and AHR1 in X. laevis may exhibit 
promoter preferences, regulating different sets of target genes in this species.
Location of Dioxin Response Elements (DREs) 
Figure 4. DRE placement in target gene promoter regions. Mouse CYP1A1 promoter shown is the 
pGudLuc 6.1 vector (Garrison 1996). The classic DRE sequences identified are 5’TNGCGTG-3’ or 
the reverse complement, 5’-CACGCNA-3’. The putative XREII in the AHRR sequence is 5’-CATG-
N6-CCTG-3’ (XREII sequence identified by Sogawa, 2004).
• Varying number and position of putative DREs in regulatory regions suggests 
functional differences in the regulation and activity of these genes
•XREII is a recently discovered regulatory sequence capable of cis-binding to 
AHR/ANRT (Sogawa 2004).
• In general, the Xenopus laevis promoters contain fewer DREs, which are spaced 
farther apart, which may partially account for lower activity of these promoters in 
transactivation assays following treatment with TCDD.
 
•Genomic DNA extracted from Xenopus 
laevis liver tissue is ligated to adaptors
•Sequences of interest are amplified by 
adaptor-mediated PCR using gene specific 
primers near the 5’ end of the cDNA 
sequence
•Fragments are isolated and cloned into 
pGEM-T Easy Vector (Promega) for 
sequencing.
•Sequences are aligned and analyzed for 
putative DREs and transcription factor 
binding sites
• CYP1A6, CYP1A7, and AHRR promoter 
sequences were excised from pGEMT-Easy vector 
and subcloned into pGL3-Basic luciferase reporter 
vector
•COS-7 cells are transfected with a vector 
expressing AHR protein as well as a desired target 
gene promoter construct
•Target gene promoter activation following 
treatment with TCDD can be measured for each 
AHR by relative luciferase expression using a 
luminometer
Figure 5. AhR-mediated induction of a firefly luciferase reporter gene under the control of 
several X. laevis promoters, using a mouse CYP1A1 construct (pGudLuc6.1) as a positive 
control. Panel A: induction of Xl CYP1A6, Xl CYP1A7 constructs. Panel B: induction of Xl 
CYP1A6, Xl AHRR constructs. COS-7 cells were transfected with an AHR expression construct 
and a reporter gene, then treated with 50 nM TCDD. Y-axis values represent Relative 
Luciferase Units (RLU), error bars= SE Mean, n=3.
•Xenopus laevis reporter constructs generally exhibit low-level activity, in 
particular AHRR and CYP1A7, which lack DREs in the 5’ upstream sequences 
used to create the reporter constructs. 
•In constructs with very low activity, differences between AHR1 and AHR1
cannot be detected.
-Abnet, CC et al 1999. Tox and Applied Pharm, 159: 41-51.                    - Lavine, JA et al 2005. Tox Sciences, 88: 60-72.
-Abnet, CC et al 1999. J Biol Chem, 274: 15159-15166. - Mandal , PK et al 2005. J Comp Physiol, 175: 221-230.
- Garrison, PM et al 1996. Fund and Applied Tox, 30: 194-203. - Sogawa , K et al 2004. BBRC,  318: 746-755.
-Hahn, ME 1998. Comp Biochem and Physiol Part C, 121: 23-53.
Literature Cited
Acknowledgements
I would like to thank Dr. Wade Powell for his guidance on this project. I would also like to thank my 
lab colleagues, Diana Spahlinger, Anna Zimmermann, and Shana Scogin. This work was funded by 
the Kenyon College Summer Science program and the National Institute of Health (R15 ES11150)
A B
A
B
